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The heart

The Heart

1¥ wWE CUT oursclves, we bleed. Animals bleed, too,
when they are cut. So we know that blood exists.

\We duickly find out that it's impoiwnt, too People
who lose a lot of bleod grow very wecak as a 1esuit It
takes them time to become well agin. If they lose too
much blood, they die.

Because of this, some people once thought that
bloond actually wes lite, that it was the living part of the
body.

In the Bible, for instanese. the lsraelites are told
they miust not eat meat with bleed in it. fo the Bouk of
Deuteronomy (chapter 12, verse 23) it savs: “Only be
sure that thou eat not the blend: for the hlood is the
lik:.”

That can't be right. however, fur people and animals
¢an die, even when they don't lose any blood at ail.
That doesn't mean that bloed isn’t iimportant to life. 1t
just mcans that blood isn’t the only thing that's impoe
tant



About 100 B.C., the ancient Greek docter Hippocea-
tes (hih-P@K-ruh-teez, 460-370 B.c.) and his fol-
lewers thought there were four important fluids io the
body. one of them blood. Health. they said, dePended
on the proper balance among the four fluids.

Nowadays, we know the matter of health is far more
osmplicated than that, but we've never stopped think-
ing thatblood is an extrcmely important part of it.

Blood doesn’t just lie motionless in the body. Some
times, when a person is badly cut, the bleod seems to
spurt out. What's more, the spurting seems to he in
time with the beating of the heart. so people got the
notion that the heart must squec»e and push biecd eut
of itsclf, ever and ever again.

Evervone's hewt beats Yeu can feel vour ewn
heartbeat if you place your hand en yonr chest. It
beats regularly, about seventy times a ninute in
grewn-ups; a little faster in children. The heart beats
as long as you live, and wheu it stops, you die

Thatmakes it look as though it's not just blood that s
important to life, but moving blood. and therefore the
heart

In fact, seme ancients theught that the heart was
the Jiving and leeling part of the body After all, your
heart beats faster and harder if you are frighténed or
very angry, so perhaps it controls the emotions. It also
speeds up when you rus around o1 work hard, and it
slews down when you're asleep. When vou're more
active. it’s more active, and when vou're less active,
its less active

The Greek philosopher Aristotle (AR istot-l, 384
322 p.c.) was so impressed by the importance of the
heart, that he thought it might be the port of the body
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that dees the thinking He was wrong there. but the
heart is very important jnst the same,

How can you tell what's going on inside the body?
You cau’t just cut open a living body and look inside.
You would cause great pain and kill a human being if
yon did that. You might cut open and look inte a dead
hedy, But mest people in ancient times thought even
that was « terrible thing to do and usually such a
“dissection” (dis-SEK-shun), from Latin words mean-
ing “to cut apart,” was net allowed.

Of cwurse. animals were cut open, either because
they were being prepared for cooking, or being used
as u sacrifice to the gods.

Butchers weren't interested in studying the parts of
the animals. They were just preparing cuts of meat for
sale or lor cecking

Priests who sacrificed animals were sematimes in-
terested in sene of the internal parts, because they
thought the shapes of those parts could give them
hints ler foretclling the future. (That was quite wrong
of oeurse.) Fortune-telling didn’t take tong and they
didn’t study the animal carefully. And even if they
did, animal parts are sometimes different o human
parts i impertant ways.

It was not until after Aristotle’s time that scientists
hegan te study the inside of the human hody carefully

In the city of Alexandria, Egypt. a place of study
and lear ning was establishcd. 1t was called the Muo-
seum, and in it, hetween 300 and 250 a.C., there was
careful dissection of dead human bedies. The struc-
turc of the body was studied. This is called “anatomy”
(uh-NAT-tuh-mee), frem Greek words meauning “to cut

Lp.
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About 300 B.¢., a Greek physician, Praxagoras
(prak-SAG-uh-ras) showed that there were tubes con-
nected to the heart. Some of these were Sllgd with
hleod. We ¢all them “veins” (VANEZ)

Another kind of tube. also connected to the heart,
was empty and contained only air. Praxagoras thought
they carried air to different parts el the hondy, We still
call those tub.s “arteries” (AHR-tuh-reez). from
Greek words meaning “air-carcier.” Arteries and veins
are called bload vesscls.

snery
wein
"’a_'_;—:—'-—‘i:' o I::-
___‘_'..éaQ_ L~ e copiary
e
8lood vesesels

vaing —

Vilve

¢
cight ventricie Ieh ventricle

Cross sectiun of heart

From dissection studies, dectors knew where the
arteries were to be found in living hodies. Praxagoras's
studeit, Herophilus found that where the arteyies
came near the skin, vou could feel a heating, just as
though it were a little heart. This is called a “"pulse.”
lie thought that the arteries carried bloud as the veins
did, and did not covy air.

That is so. The heart spuits bleod into the arterjes.
With cach beat of the heart, the thick, muscular wall
of the artery cxpinds as bloed is lorved through, and
theu the wall contracts aigain It is this that causes the
pulse. The vecins, with thinver, less muscular walls,
carry blood quietly
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Galen ¢.180-¢.200

As a person dies, the last hcartbeat sends blood
through and out of the arteries, and nothing fullows.
‘That is why dead arteries are empty. Dectors might
have learned more, but the study of anatomy in
Alexandria quickly stopped. Disscction was consid-
ered against the law and. for a thousand vears. little
morc was learned.

Still, doctors knew there were arteries and veins.
Why were there two kinds?
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A Greek doctor, Calen {((CAY-len, a.p. 130-204). felt
that the arteries originated in the heart. The heart
pumped blood into the arterius, which carried the
blood to all parts of the bwdy where it was used for
nourishment. The veins, he thought, originated in the
liver. There, he believed. blood was formed and was
carried by the veins to the heart.

In Alexandria, though, doctors had dissected the
heart. Thev had found it consisted of two perts, a lefi
ventricle (VENT-rih-kul) and a iight ventiicle. These
had thick, muscular walls, especially the: left one. Onb
top of each ventricle was a thin-walled chamber, th¢
left atrium on one side. and the right striwm on the
other. There was an openiny connecting each atrium
with the ventricle beneath, bul there was no opening
from one atrimmventricle to the other,

It was as though the heart were actuslly a double
pump Each half was attached to its own arturies and
veins.

But why should the heart be double? Surely a single
pump would be enough.

Galen thought it was a single pump He thought
there might he tiny passages, or pores. through the
thick, muscular wall between the two ventricles.
These pores were so fine and narrow they were invisi-
ble to the eye (This was quite wrong, but people
continued to believe it for about tourteen hundred
vears after Gilen.)

About 1300, doctors in Italy began to dissect dead
bodies amein. [o 1316, an ltalian doctor, Mondino de
Luzzi (mon-DEE-nch day LOOT1S-tsee, 1275-1326).
wrote the first book that dealt entirely with anatomy,
1t contained mostly what Calen had taught, however
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But then, in 1343, a Belglan anatomist, Andceas
Vesalius (veh-SAY-lee-us. 1514-1564), made his own
studies and published a fur better anatomvy beek. ‘The
art uf printing had now been developed, aud Vesalivs's
book was in type aud had beautiful illustrations. 1t wasy
read throughout Europe, and it started scientists on a
whole new track where the human body was cun-
cerned.

However. Yesalivs couldn’t impiove en Galen's the
vries as far as the werkings of the heart were con-
ceriaed.
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Anatomical drawing by Vesalius, 1543




The
Circulation

ALTHOUGIHH THE EUR®reanN docturs didn't know it,
Galen had been improved on. It happuned in the
East, and the man who did it w:s a Syrian doctor, [bn
al-Nafis (isn-al-NA-fis, 1210-1288).

in 1242, he wiote a book on surgery. In it he said
that the pores, which Galen had said allowed bleed to
pass from one ventricle to the other, simply didn’t
exist. The wall between the two ventricles was solid
and muscular, and nothing could leak through.

Did that meun the heart was a duuble pump with ne
interconnection at all?

No- itm a)-Nafis suggested 21other wav in which
bloocd might g0 fromn the right ventticle to the left.
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He said that when the haart conteacted. the bloed
in the right ventricle entered the lurge “pulnionary
artery” {PUl-mulh-neh-reel This is from the Latin
word for “lung,” Lbecavse this artery caraes blood to
the luogs.

The lassar circulation

As the pulimonary artery reaches the hingy, it di-
vides into smaller and smaller branches, as does a
tree. The arterial branches get 30 small yon cim't sev
them without a microscope. The blood in these tiny
vessels that line the lungs collects air The tiny vessels
then join into fewer and larger vessels, which are large
enough to be seen again, They are veins. These
become still fewer and lacger until all the bloed is
collected into one lar#e vessel. the “pulmonary vein.”

The pulmonary vein leads the bloed, now mixed
with air. into the f¢ft atrium, from which it passes into

the l¢ft ventricle. When the heart contracts, the biend
in the lef: ventricle, with its air mixture, goes into the
“gurta” (av-AWR-tuh), the largest artery in the bedy
and then moves on to all parts of the body

Nowweseewhy we need adouble pamp. It may be
that the bleud is formed in the livey. goes to the heart,
and then tiavels to the rest of the body However, it
goes to the right atrium aad ventricle first. is sent to
the lung and back. and then goes to the left atmum and
ve¢nteicle and to the rest of the body The right half of
the heart is needed as a special pump designed to
supply the blead with air

If we picture the blood going from the right ventri-
cle to the lungs and then back to the heart, we say that
it “circulates” {(SUR-kyoo-lates), which is from 1.atin
words meaning “to move in a circle.” Actually. the trip
to the lungs and back is called the “lesser virculation,”
because the left ventricle sends the hloed en a longer
jouruey. lbn al-Nafis, however, had nothing to say
about what happuned to the blood that left the left
ventricle. Presumably, it was simply used up by the
body so that new blowd had to be furined.

Of course, no one then could see the fine vessels in
the lung thut connected the tiniest arteries with the
tiniest veins, auy more than they could see Galen's
“pores” between the ventiicles That was a Baw in 1bn
al-Nafiss suggestion.

There was another catch. No one in Europe knew
about 1bn al-Nafiss book. It was not discovered wutil
1924. so Europeans had to make the discovery of the
lesser circulation on their own. ‘That discevery was
accomplished first by the Spanish decter. Michael
Servetus {ser-VF.F-tus, 15)1-1533).
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Servetns lived in unsettled times. The Catholic
church in Western Europe hud splitin two Those that
hroke away called themselves Protestants, and there
was great hostility betwee n the Pratestants and Catho
lics.

Servetus managcd to develop celigious views that
oflended both the Catholics and the Protestunts. In
1553. he publislhied a buok in which he expressed his
views. He carefully didn’t put his name on the bouk,
but he had discussedd his vicws so openly that every-
one knew he must have written it.

In France. the Catholics arrested him, hut hees
caped and went to Ceneva. in Switzerland. Geneva
wias ruled by a very strict Protestant naaed John
Calvin (1509-1584} Calvin was so shocked by Serve
tus’s religivus views that he had him arrcsted and
hurned at the stake. He then coliected all the capies
he could find of Servetus's buok and burncd thews,
also.

Fortunately. a few sopies survived und in 1694, a
century andd a half after Servetus's death, one turned
up. Doctors were amazed to discover that the bouvk
not only cootained his views on religion, but also
described the lesser circulation of the blood to the
lungs and back. By then, though, the discovery had
been made a third time.

In 1559. six vears aftcr Servetus's death. an Italian
doctor, Realdo Colombo (koh-LUM-boh, 15 161559),
also thought of the lesser circulation and published a
boek about i,

Theat book sucvived; other docturs cead it, and more
avd more of them were sonvinced that Colombo was
right. Even though Colombn had his idea aftec Serve-
tus and fong after 1bn al-Nafis, it was Colombo's work
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that Turopean doctors knew about. It was on the hasis
of his work that they went on to make further discov-
¢ries Fhat 1s why Colombo gets the ccedit for discov-
ering the lesser circulation.

In 1574, aw ltalian doctor; Giralamo Fabrici (fab-
REE-chee, 1537-1619), was studying the veins in the
leg. He noticed that they had little valves in them, If
the blood moved in vne ditiation, the valves klded in
toward the walls of the vessel. so that the blood could
pass without trau ble. K the blood move din the oppo-
sitc direction, the valves opened and closed off the
vein,

Valve in a vein

This meant they were one-way valves. They permit-
ted the blood tv mouve when a person is standing
upright. The bloed can’t meve downward.

This makes sense. When a pecson moves his legs, or
just tightens his leg muscles, those muscles squeeze
against the veins and force the blood in those veins to
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move upward against the pull of gravity (hevause that's
the only way thevll got If a person keeps his leg
muscles relaxed, the blood isn't moving inuch, but at
least it isn’t being p ulled down by gravity, The valbves
won't allow that,

The important thing was that the blood in the leg
veins could oaly move toward the heart. Fabrici pasd
no attention beciuse ¢veryone thought that the blood
lcaving the lelt ventricle always moved away [rom the
heart. He musxed the impoctance of his own discov-
Cry.

But then came Willimu Harvey (1578-1657), an
Fuglishman wha, after he became @ doctor, went 10
1talv for further education and studicd under Fabnic,

Ilarvey dissected the hearts of dead people and
studied the valves between vach atrium and its ventsi-
cle. He noticed that they were one-way valves. They
allowed the blood to fAow t-wou the atrium to the
ventracle without any trouble. When the heart con-
tracted. however, rone of the blosd in the ventricle
could flow hack inte the atrium. Instead, all the blood
was pushed out into the arteries.

Hacvey began thioking about the valves his tescher,
Fabrici, had discovered in the leg veins. They were
one-way, and they lorced the blood to move toward
the heart,

}e cheeked that iy tying olf and blocking different
veins in animals he experimented on. The veins ai-
ways bulged oo the side of the block away from the
heart. 1t was as though the Llosd wore trying to ltow
toward the hcart aud to accumulate just below the
bieck because it simply couldn’t flow away fron the
heart. This was tcue ofall veins.

24

William Harvey, 1578=1857

v the arteries. the hlond bulged on the hear't side
of imy block he put in, as though ii were trving to fow
away {rom the heart and couldn’t move in the othey
direction.

lNarvey now saw what was happening. The heart
pushed blood inte the arteries, and the blood re-
turned by way of the viins. 1t did this for both
ventricles. The blood lada doubie circulation. 1f one
started t-om the rvight ventricle, it left by wuwy of the
acteries to the hungs, and returned by way of the veins
to the lkelt atrium and from there into the lefi ventis:
cle. From the k:dt ventrcle, it left by way of the
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arteries ta the rest of the body and 1eturned {in a
“areater circulation”) by way of the veins to the right
atrium and from there into the right ventricle. Then it
started all over

Harvey ako showed that it was impossible to sup
pose thut the blood was used up in the body and that
new blood was formed. 1le measured how much blood
the heart pumped in one contraction and counted the
number of contractions. lle found that in one hour
the heart pumped out a quaatity of blond that was
three times the weight of a man. The body ceuldn’t
use up blood and {ortn new blead al such a rate. The
seane blood had to circulate and be used oterand ecer
2gam.

pulmanary artery —
*

\ NI

pulmonary wein

ventric’e ¢xPanded vestricle conlrectad
How the heart pumps

JInr vey still had the same prablewn 1bu al-Nafis had
had. The smallest arteries gnd veins thut could be
seen had to be connected by vessels too small to sec.
Were they really there?

In the 1GS®s. scientists had learned to put lenses
together in such a way that objects too small to see

valns (lighi)

The circulatory system

arteries (dark)



with the naked eve could be magnificd and imade
visible. Such instruments were culled “microseopes”
(MY-kroh-scopes). fiom Creek words meaning “to see
the small”

®ne of the first scientists to use a microscope was an
Italian wamed Marecllo Malpighi (mal-PEE-gee,
162816%1). With the micrescope, he could see tiay
bloed vessels that were invisible without one

In 1661, tour years after Harvey's death, Malpighi
studied the wings of bats. Jle conld see bluod vessels
in their thin membranes and, vnder the microscope,
he could see that the sinallest arteries and veins were
connected by very fine blood vessels.

He called thesc bluod vessels “capillaries™ {CAP-ib-
leh-reez), from a Latin word f(or “hair,” hecanse they
were as thiu as the Gnest of hairs.

With the discovery of capillaries, the idea of the
circvlation of the blood was complete, and it has been
accepted ever since.

An Euglish scientist, Stephen Hales (1677-1761),
was the first to measure “hlond pressvre,” the furce
with which the blood is pushed along in its circulation.
He reported his work in 1733. Bluod pressure is now
measurcd very freguently. “High blood pressure” is a
dangerous condition.

The Red
Cells

To vur ¥YE, blood looks like a red Ruid. and eve-ry bit
of it lomks the same. Undcr the micruscope, however,
it cuntains little obiects that float in a clear liquid. ITtis
the little objects that give the blood its redness. The
liquid is kint vellow in c¢olor, and so is oune of the Jittle
objects taken hy itsclf tlowever, a combination of
muny of the ubjects has a deep red color

fu the early days of the miciruscope these little
vbjects were seen. Malpighi saw thcm. A Dutch
scientigt, Jan Swammerdam (SVAH M.er-dahm. 1637
1680), described them in 1638. It isu't certain which
one of these two men should get the credit tor heing
the first to see them.

Because of their color, these little oblects came: to
be called “red cells.” The word “ccll” is given to the
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tiny units, too small to he seen except und ¢r a micey-
scope. that build vp all living thiags. Another name
for the red cells is “ervthrocytes ” (ec-RITIL-reb-sites).
but that is just a Greek word that means “red cells.”

The red cells were first stodiul varctully hy the
Nutch scientist, Auton van Leeuwenhoek (LAY-ven-
hook 1632-1723). He had the best of all the very carly
microseupes He bolished tiny lenses of clear glass
into perfect curves. Looking throngh his lenses, be
could see small vbjects magnified by an unusually
large amount, and he <ould see them more clearly
than an yune else could in his time.

Red biocodcells

Al

L ecuwenhoek described the shape of the ted cells.
They are fat discs with depressions in the center.
Fhey ok hke ting candy Lifesavers, hut the hale in
the center is not quite bored throu gh,

Leeuwenhoek also tried to ¢alcu late theirsize. They
are very small, smaller than most cells. It would take
about 3,480 of them placed side by side to stretch
across the distance of an inch. Or, if you stacked them
one on top of another, it would take about 12.080 of
them te make a stack an inch high.

Of ceurse there are very many of them Suppose
vou had a little squarc sontaer. only 1/25 of an iach
on each side and 1/25 of an inch high. Such a sontainer
would be so small you would barcly he ablk to sec it.

Imagine such a sontainer full of blood. It wouldn't
be much blovd. One drop of bloud could casily fill at
least filty of such comtainers. Yet in the amount of
blood in that small container there wovkl be s3bout 5
million red cells. This num b er was worked out i 1852
by a German scientist, Karl Vierordt (FEERort,
1818-1%884).

Blood isn't always red, however. It is only red after
it returms frown the lungs, where it has picked up air. It
is the red blood that is pumped out by the left
ventr cle' all over the body. @nthe hody the airis waed
up. and the blood turns a dark bluish eclor It returns
to the hesrt that way and is sent out to the lungs
where it turas red again.

This was first pointed out in 1669 by m English
doctor Richard Lower (1631-1691). ‘The blond in the
arteries (all except those going to the lungs) is bright
rcd and is called “artenial hbod™ @he-TE E-reeadl).
The blood in the veins {all except those coming from
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Veins in hand

the lungs) have the dark color and is called “venous
blood” (VEE-nus).

tfyon happen to have fair skin, then look at the back
of your hands. You will see veins just under the <kin
carrying venous blood back to vour heart They look
like bluish lines against the skin. They are carcviug
blood, but it isn't eod blood.

Naturally, you can't see the blue lines of the veins if
vou arc dark-skinned. or if vou have been out in the
sun a good bit and have gutten tanned. 1n the old
days, only well-off people could stay out of the sun. All
the poor people had to work in the ficlds. 1t was only
the wealthy people of Europe. then who had fair,
untanned skin and could see the bhie veins. That is
why they were sumetimes called ‘blue bloods.™
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1f thcre were an accident in which a vein was cut, no
blue blood would 1nake its appearance. The instant
the blond came ont of the vein into the air, it wounld
combine with the air and turn red.

What isitinairthat turns the blood eod?

In 1774, an English chemist, Joseph Priestlev
(1733-1804) discovered a new gas. w this gas fires
burn very brightly. A piece of wood that is only
smoldenng will burst into fame if placed in this gas.

In 1778, a French chewmist, Antoine Lauwrent La
voister (lanwahZYAY 1743-179<), was able to show
that air consisted of two @eses One fifth of air is
Priestley's kss, which Litvoisier culled “oxygen” {Ok-
sih-jen). The other four-liths is "nitrogen” (NITE-
truh4jen).

Oxygea combines with blood and turns it bright
red. Arterial blood is “oxygenu.ted,”

A Cerman chewmist, Julius Lothar Mever (MY-cr,
1830-1893), showed, in 1837. that the oxygen didn't
gewrally mix with the liquid part of the hlood. It
combines with the red cells.

By thattime, it was known that the: culls of the body
contained complicated substances called “proteins.”
Each protcin was made up of groups of atows called
‘molecutes” (MOL-ub-kyoolz). and each protein inole-
cule was made up ofhumdreds, or even thousands, of
atoins la 1851, a Cerman chemist, Otto Funke
(FOON-kuh, 1828-1579) had obtained 1 p1otein fiom
the red cells. Another G ¢eman cheinist, Ernst Felix
Hoppe-Sevler (HOPE-uh-ZY-ler, 1823-1895) purified
the protein and stodied it carchully

This red-cell protein is called “hemeglohin” (HEE-
moh-CLLOHbin). The "hemo-" is brom a Creck word
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fur “blood,” and the “-globin” is the name of a kind of
protein. Therefore, hemoglobvin is “blaod protein.”

Wihwn blowsd passcs through the Jungs, the oxygen
ita the air combines with the dark-colored hemoglobm
to form the bright red “oxyhemoglobin® (@K-see-
HEE-moh-GLOH-bm). The oxygen is held rither
loosely so that, when the bloed gets into the capillaries
and circulates among all the bedy cells, the cells ¢an
take the ey gen away fromn the oxyhemoglobin, which
becomes just hemoglobin again.

Thies cells use the oxygen to comibine with imolecules
they obtain from feod In this wav. energy is pro
dueed, and the body can mave and do its work.

[n 1747, an [lian chemist. VYincenao Antonio
.\'Icnghini (men-Gee-nee, 1714-1759), found that
there was a small quantity of won in blood. It seemed
to him that the iron was present in the red cells.
Eventually, it was found that everv molecule of hemo-
¥lobin cmtained four irvon 2tams. Ttwas actually to the
iron atoms that oxygen atoms attached themselves.

If a person bleeds, he loses some of the iron. Then,
il there isn't enough iron in his bo<:d, he continues to
have a short:\ge and he suffers from “memis™ (uh-
N E E-mee-uh). His blood can't pink up emnongh oxy
gen. sothat the body is short of energy. A person with
anetnia. tends W e tired all the time.

What if a person bled a great deal and was shoit of
blood? Could sme blood be taken Iroar an anirnal and
injected (or “transfused”) into the werson?

This was tried in the 16005, and bluod was trans-
{used {iom one animal to another, Richard Lower was
the first, in 1666, to try to transfose hluod from an
animal into a human being

H

Sometirnes such transfusion seemed to help, but
sometimes it didn't Occasionally. people died after
such a transfusion, so doctors didn't like to try it very
often.

An English dector, James Blundell (1790-1877)
finally decided that the dlood of a particular kind of
animal would only help that pacticular kind. There-
fere. if a hnman being needed blood it would have to
come from another humaty heing, Beginning in 1818,
he transfissed blood f1om healthy human beings to
other human heings who necded blaod.

Apain, that sometimes worked and sometimes
didn't. When it didn’t work, that svemed to be be-
cavse the red cells in the bloed being transtused stuck
together tightly, or “agglutinated,” when it entered
the blood vessels of the piatient. The patient, getting
clunps of red ¢¢lls that worldn't separate and do their
work, was worse off than belore and might even die,

o 1900, an Auwstrian doctor. Karl Landsteiner
(LAHND-shty-ner, 1868-1943), fiwind the answer. Ie
discevcred that there were feur kinds of red cells.
Some people had a chemical called "A” attached to
their red celly, and some had another chemical called
“B.” For this reason we can talk of “A-type” blood and
“B-type” bluad. People who had both chemicals at-
tached to their red cells had "A13-type” blood and
others, who had neither chemical, had “@-type”
blood.

One type of bload will often aglutinste if trans-
fused into a patient with another bleod type. 1t is best,
therefore, lor a paticut to et transhisions of his own
blovd type. In an emergency, an AB-type paticot vao
aecept blood ol any ather type, but the A B-type is the



least cemmmon. Only one American in twenty-five is
AB-typc

An Atype, or B-type, patient can accept O-type
blood fairlys well. That is why. when blood is collected
tor an emergency; O-type blood is particularly useful.
It can e given to anyone without too much danger
lHowever, @ patieat with O-type hlood can accept only
O-type blood. Fortunately. O-type blood is the most
common. Nearly half of all Ancricans are @-type. In
1830, Landsteiner received a Nobel prize for his work
on these bloud types

Somne people, by the way do not like to call red
cells by that name.

In 1831, a Soottish scientist, Rowert Brown (1773-
1858). disvovercd that there is a little structure in the
interior of a cell. and he called that structure a “nu
cleus™ (NYOQOklee-vs). 1t was later lcarned that overy
true cell has a nuclleus. ¥What's more. the nuclieus is
the most important part of the cell. It has the sub-
stances that make it pessible for e2lls to divide and to
make two ¢ells where there unce vwas only one. Cells
cannot gow and inultiply without a nucleus.

The red celt in human beings (and in many other
anunals)does not have a nucleus and therefore is nota
troe cell. For that reason, itis sometimes vallid @ “red
corpuscle” (KAWR-pus-I).

Red cells, or red vmpuscles (whichever you wish to
call themn), do not live long—perhaps Because they
don’t have a nucleus. Then, tou. they work hard,
mnoving about the bedy. picking up oxygen in the
lungs and giving it up to the body, vver and over
again. After about 125 days, they begin to break up
They're picked up in a part of the body called the
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“spleen” and are eliminated with the body wastes.
Only the iron atoms arc saved fur use in ather red
cells

in the budy, there arc murc than 2 imillion red ¢lls
breaking down every second. Altogether there are so
many red cells however, that 2 million isn’t a lot.
Besides, new red cells are continually being furmed in
the bone marrow at the sane specd with which they
break down. The new red cells are formed from
parent cells that o have « nuclleus.



The White
Cells and
Platelets

ALTHOUGH ‘11t ki) cclls are by far the mo st numer-
ous oblects that float in the blood stream, the¥y ace not
the ey ones.

In 185@& a French doctor, Joseph Casimir 1Javgine
{dah-VAN, 1812-1882). noticed cells in the blood that
were much larger than the red cells. ‘They were pale
in color and «meven in shape The ones that Davaine
saw moved with “unoe hoid motion” (uh-ME E- boid)
That is, their motion resembled a common one-ccled
creature colled av 2wl (vh-MEE-buh), which is
often seen in pond water if one uses a microscope Ao
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amoeba simply thrusts out a bulge in the dircction in
which it is traveling The cell uid flows into the
bulge, then another bulge appcars and so on. This is
the wav in which the pale cells in the blood moveti

In 1869. he reported that these cells would flow
around and absorb bits of foreign matter introdined
into the blood.

These objects are firequently called "white cells™ to
distinguish them from the red cells The white cells
eentain no hemoglobin. no colored subst:nce of any
kind. That is why they are so pale. [o additioo. they
differ from the 1ed eells in being complete. Fach
white ¢oll has a nucleus, sometimes a large nucleus. [o
18S5. scientists began to call them “leukocytes™
(LYO®-koh-sitcs ), which is Creek for “white cells.”

The white cells are few in number compared to the
red cells. Therw is only 1 white o¢l [or pvery 650 a:d
cells. That is why it tock so much longer to notice the
white cells. Still, even if the white: ¢ells an> only 1 in
650. thece are many billions of white cells in the blood
altogether

A Cerman doctor. Paul Ehdich (EHR.likh, 1854-
1915), was particularly interested in using the new
dyes that chemists were makiog af tee 1860 1t seemed
to him that some of these dyes might combine with
substances inside a cell and make them visible by
giving them coloi. Different dyes might react with
different snbstances, and in this way a great de:l
might be learned about the tiny structures inside the
cells. {Without color, the inside of a ¢cll is hard to see
All the parts are teansparent and lock like shadows
against ;. background of shadows.)

Ehrlich worked with all sorts of dyes on all sorts of

8lood cells

cells About 1873, hi» used his dyes on white cells, and
he found that not all white cells combine with dves io
the same way. He was able to divide the white cells
into several different types. Nowadays. five tyvpes are
well-known and, under normal condlitions, slways e x-
istin seidin propoitions toeach other 1fone or more
of the:m are out vf proportion, doctors are warned of
the possible presence o disease.

Sometimes, the cells in the bone marcow that niake
white cells start making tnany more than ure needed.
The number of white cells in the ond can get up to
150 times as rnany ay normal. @ther cells in the blood
are crowded, and the bleod no longer does its work
well. fiiis condition is known as “leukemia” (lvoo
KEE-mee-uh) and is a very serious disease.
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A Russian scientist, llya Iich Mcchuikov MECH-
nih-kofi, 1843-1916). was oarticularly interested in
“bacteria” (hak-FEE-pzewh), which are very small
one-celled creatires, much smaller than amoebus, and
even considerably smaller than red cells In the 1860s.
the French chemist, Louis Pastevr (1822-1893), had
shown that bacteria ceuld get inte the body anxl
multiply there, csising many common dise:: ses.

But there are bacteria everywhere about us: in the
air, in the water, in the soil. Everv time we cut
ourselves, bacteria are beund te get into the body
through the cut. Why don’t we «ll die of disease?

Mechnikev studied the situation carefully. He ne
ticed that whenever there was a cut, white ce.Js were
carried to it in great number hy the hleod. Se much
blood went to the part that it £rew red and inflamed,
and was paiafu) from all the pressuce of the blond en
the vessel walls.

The white cells that werc hrought te the plac:
immediately attacked the bacteria that had invaded
the body and pradve>d an “infection.” Usuvally, the
white cells destrey the bacteria and prevent the infiec-
tion lrom getting worse

The white cells of the body thus act as the first line
of defense against infection. They are like suldiers who
are ready to battle the enemy at any time They do
their wurk anywhere in the body where bacteria have
geined eatry. and they are found in the bleod because
they must be ready to be canied rapidly to any
threatened point.

M echnikov called these bacteria-eating white cells
“phagecytes” (FAC.he:sites). frem a Creek word
meaning “e:iting cells.” White cells also get rid of
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unneeded parts of the body For instince, certain
large white cclls absorb those red cells that are old and
breaking up.

Ehrlich and Mechnikov, because of their work on
white cells and in other arcas of medicine, chared a
Nobel prize in 1988

VWWhen a balloon or an automobile tire is punctured,
all the air escapes. When a hotwater bottle is punc
tured, all the water runs out When the bodv is
punctured, however, the blead begins to run out, but
doesn’t continue to do so. Unless the body is very
badly mangled, the blooxd Bow stops after awhile and a
clot” lerms.

The clot {orms in this way. . . .

A protein called “fibrinogen™ (fv-BRIN-oh-jen) is
dissolved in the blood. $¥hen blood is expescd to air.
such as when you cut yourself and begin to bleed, the
Abrinogen undergoes a smid] shif; of its atems that
changes it into “fibrin” (FY-brin). Fibrin deesn’t stizy
in solution, but comes out of the blood in Jong threads,
which catangle the red cells. It gradually forms a diy
crust that covers the opening and stops the hlceding
antil the skin heals.

Naturally when scientists begm to study this
‘blood-clotting,” they wondered what made the clot
ferm only during bleeding \Vhydidn't it furm in the
blood while it was being pushed threugh the blood
vessels?

(Actually, this dews happen sometimes, but only
very rarely A clot can ferm in the bloodstream, und it
may then get jammee! joto a small blood vessel and
prevent blood from passing through. This can cause 2

heurt attack or a stioke and may kill. However, the
clotting machiaery works fairly well and hardly ever
gees wrong. su most peeple don't have to worry about
it, especrally when they're young aud all the body
machinery is still new.)

The: beginning of an eaplanation ol clotting came in
1842, when a French scientist, Alffed Donné {(doh-
NAY, 180)-1878), reported a new type of ohject float-
ing in the bloedstream.

Celis and Flalelels in lhe bjood



An ltalian doctor, Ciulio Csare Bizzozero (BITS.tso
TSEH-roh), studied the new type of object in 1682
and showed that it occurved in blood normally. What's
more. it had some connextion with clotting, He calli.d
the objects "plutelets™ because their shapes resemble
tiny plates. {They actually resemble two plates, plated
face to Iuce.) They are also called “thrombocytes’
(THROAMboh-sites) which is Creek for “clotting
cells.™

Platelets are even smaller than red cells 1t would
take two platelets, side by side, to stretch across a red
eell, and itwould take eight of thein to weigh as much
as a red eell.

Platelets ace more nunerous than white cells.
There are sbout thirty-five platelets for every white
cell in the blood. On the other hand. they arc not as
numerows as red cells. There is only one platetet for
every tuen.ty red cetls.

Platelets aren’t real cells, any more than red cells
are. They have no nuclei. and they are even wore
fragile than red cells are. They only last nine days or so
belore they break down and have to be swe:pt up arl
dispused of. Naturally, new ones are constantly being
formed.

Platelets manage to keep themselves intact while
they arc in the bloodstream, biut the instant there is a
break and bleeding starts. the platelets are eapesed to
the airand break down.

They release a substance into the bleod asa result of
the treakdown. The substance starts 4 long chain of
chemical changes that ends with the chaage of fibrino
¢en to fibun and the formation of 2 dot.

You might wonder why a long chain of chemical
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Fommation of blcod clot

changes is needed. Why shouldn’t there jost be one
ehunge—-fibrinogen to fibiin---and, behold. aclot.



Well, clotting 15 a dclicate jol The blood mo st net
clot insi de the Tolood vess cls. With all the tan ging the
pltelets get as they move firom place toplace, collid-
ing with red cells and the vessel walls, sone of thewn
may break. 1fso, the body nwdt rely on the fact that
some of the changes can 't take placeinside the ves«uls.
You see. the blood mus! not clot too casily

Oo the other hand. the clotting precess isalnost 200
«umplicated. Sometimes peop Ye are born without one
of the numerows chemicals that furm part o} the chain
of clotting le thot case, their blood clots w-th difh-
culty, or not at all. Even a small cut that starts sozing
bleod may just keep on oozing, and there is always the
danger ol pbleeding to death.

This cendition iy called “hcmophila™ (HEE-moh-

Fll ~ee=ih).

is

The Plasma

THE RED CELLS, white cells, and platelets make up
the Torme d clewnents” of the blood. They are objects
that have a form, or shape.

Suppresit all the tormed elements are removed from
the bleod. @ne way of doing it is to whirl a container of
hloed round and roend When vou whirl something, it
is forced away from the center Suppest> vou have a
hall attached to a robber string, ond vou whirl it faster
and laster. The ball moves awav from voor hand
strete hing the strin & more and moye and finally hevak-
ing 1t.

In the contamer of blood. the iformed elements are
ferced against the hottowi of the container as it whirls.
Eventually the formed elements are caked down hoid
and you can poor the watery part of the blood eut of
the container.

The furmed elements make up about <3 perex:nt, or
just under half. of the bleod. The watery part makes
vp about 35 percent. The watery part is called
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“plasma” (PLAZ-muh), FFom a Greek word for seme-
thing that doesn’t have any particnlar {orm.

The plasma is what makes the bleod act ay a liquid.
If the fermed elements were present in the blood
vessels all by themselves, the heart wouldn't be uble
to move them. It’s the plusma that meves and canies
the formcd clements along with itself, The plsma
carries the red eells to the lungs te take up oxvgen,
and thcu 1o all the rest of the body to deliver the
oxygen. It carries the white oclls to aay part el the
bodv where they are needed te fight bacteiiun. It
carries the platelets to any part of the bedy where
blood loss must be stopped.

Then, toe. the plasma helps vvin ma seme of the
propurties of the body. For instance, the liver hus so
many chemical changes going on inside its ¢ells that it
produc x:1a lot of heal. 1f the heat just stayed where it
was, the liver sells would become too hot and weuld
die. The skin cells, 01 the other hand, lose heat to the
eutside and., if they centinued to do so, they would get
too cold andwonld die

The plasma picks up heat at the liver, so that the
liver stavs cool. The plasma then delivers heat to the
skin. s& it shays warm. In this way the blowd pleana
helps even out the tempelature in the bedy to a
comfortable figure that doesn't chimge as long a¢ we
remain healthy

When it is hot outside the little vessels in the skin
expimd so that there is room [or more blood. Extra
heat is breught to the skin to be lost there so that we
remain cool- When it is ¢cdd, the little vessels in the
skin contract so that there is les; blood ther:, and the
body doesn't losc tee rnuch heat. That is why owr skin

is flushed in hot weather and turns bluish in cold
weather

Py

blood vessels in skin constricted biood vessais dimed

Temperature contraol

Plasma, even if it were oething it water, could
even eut heat. JJowever, plasma is only 82 percent
water. The other 8 percent censists of substances of
enc sert or another that are dissolved. These disselved
substances are also importaut in keeping conditions in
the hody even and pleasant.

For instance, some ¢hemics] changes in the body
tend to produee “acids,” and seme tend to preducc

“bases” (the opposite of acids) It would kill the cells if

the surroundings grew teo acidic or toe hasic, The
cells are nost enmforhbable when the suiroundings are
not ton much one way or the ether, but arc “neutrul.”

The plasma eentains che micals that tend to combine
with acids er with bases. In this way they help keep
the surcounding» neutral.

The chemicals in plasma alse enntrol the way in
which watec and other substanees leak into and eut of
the tiny bleod vessels. The presence of the chemicals
sees te it that the right substanees leak in and out a«d
that not toe much water meves in ¢ither direct,on.
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Major organs of tha body

The plasma brings to the body those substances it
needs. Th e oxygen brought by the red cvlls is not
enough. The body also ne~¢s materials with which the
oxygen can combine to produce energy. Thesc materi-
als come from our foed.

The food we eut is digested in the stomach and
intestines. Complicated molccules in the food are
broken down to smaller molecules that arc absorbed
through the intestinal wall and enter the plasma The
simple tnolecules may then be put together into more
complicated [orm and stored in the body as starch or
fat for future use. Other simple molecules are built up
to form malecules that the: body needs, such as pro-
tein.

Some simple moicenles, however, are kept circulat-
ing in the plasina for the body’s iinmediate nse. One of
these. lor instance. is a small sugar molecule called
“¢lucose” (GLOO-kose) Glucose was First detected in
bloed in 1844, by a German chemist, Car Schinidt.

The cells of the body absorb glucose frun the
plasma and combine it with oxygen to produse en-
ergy. Tl brain cvlls, in particular, usc only glucese
[or this purpese, nothing els¢. The plasnxu also carries
[atty acids for sumbination with oxygets. Fatty acids
p1uduce more energy’ than glucose does and are used
hy muscles, particaelarly

Thus. the red cells carry oxygen, and the plasaa
carnes glucose and fatty acids. I n this way, the body is’
supphied with the enc1gy it needs. Astheplasmagives
up its gloocose and fatty acids, more is obtained trom
food. or from the stores of fst:md staich in the body. If
we don't get enough food”. we lose weight as the fat
and swarch stores diminish. If we get too much bad,



proper amounts. T80 imuch glucose might mean diabe-
tes, for instance. Too much of a fatty substance alled
“chalestervl” (koh-LES-tuh-rol}) may wmean a danger of
heart attacks, and so on.

More thap hali the weight of suhstances dissolved in
plasma are proteins. Qe of these is fibrneg«n. 1t can
be kept in the plasma by adding a hit of chemical that
will keep it from turning to Abrn. Or else, it can be
albwed te turn into fibrin and can then be 1emoved
Plasima without the fhrinogen is called “serum” (SEE-
rum).

Luig air sac

The rest of the proteins ¢onie in a wide variety of
tvpes that are very similar chemically. Faortunately, a
Swedish chemist, Arne Wilhelm Tiselius (tih-SAY-lee-
us). devised a method culled “electrophoresis™ (ee-
I.FK-tro-for-REE-sis), in 1937 that sepastes similar
proteins. Tiselius was awanded a Nobwel Prize lor this
in 1948

The prateins fall into two greups: “albumins™ (Al-
byoo-intin2} and “globulins’ (GLOB-vou-linz) The lat
ter can be further divided into “alpha-glohulins” (AL,
fnh), “beta-glohutins™ (BAY-tuh), and “gamma-
globulins”" {GAM-uh). Aiphs, heta, and ganwma are the
first thre.e lctters of the Creek alphabet.

Some of these proteins cnbine easily with sub-
stunces the bedy needs in small amounts—with ¢e:r
taia latty substances. or iron atvms, ur copper atoms—
and carty these te wheiever they are needed.

The gmmma-globulins have the capacity to combine
with foreigm molcecules that get into the body—with
“viruses,” or with poisonous “toxins” produced by
bacteria, or with uther damaging subssances. By com-
bining with them, the gammaadobulius necutralize
them. The gamma-glohulins that act this way are
alled “antibodies.”

The body keeps a supply ol some antibodies that
have proved useful. For instance, when vou gt
chicken pox. meustes, vr mumps, the bodv manufac-
tores antibodies to fight the anmoving germs and to
help vou recover. ARer that the antibodies stay, and
you don't cateh these diseases a second time. Ywu have
become “immune” (i-MYOON)

The giammaglohulins are thus an important part of



the hody's “immune mechanism” that protects us lrom
disease.

As you see, then, bluod 15 useful in so many differ-
ent ways that we can hardly blame the ancients who
thought blood was life: itself It almost is.



